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Abstract of JP 2002205180 (A) 
PROBLEM TO BE SOLVED: To provide a method 
for laser beam machining, by which a molten point 
or a cracl< deviant from a planned cutting line on a 
surface of the work to be machined is not generated 
and the work to be machined is accurately cut. 
SOLUTION: A property modification zone is formed 
inside the work 1 to be machined by irradiating the 
planned cutting line 5 with a pulse laser beam L by 
placing the focal point inside the work 1 to be 
machined under a condition that a multiphoton 
absorption takes place. By cutting the work 1 to be 
machined along the planned cutting line 5 originated 
at the property modification zone, the work 1 to be 
machined Is cut with a comparatively small force.; 
When irradiated with the laser beam L, the pulse 
laser beam L is scarcely absorbed on the surface 3 
of the work 1 to be machined, thus the surface 3 is 
never melted due to the formation of the property 
modification zone. By changing the location of the 
focal point of the laser beam L in the incident 
direction of the work 1 to be machined, a plurality of 
the property modification zones are formed along a 
line in the direction of the thickness of the work 1 to 
be machined. 




Data supplied from the esp@cenet database — Worldwide 



http://v3,espacenet.com/publicationDetails/biblio?adjacent=true&KG=A&^^ 2009/04/06 



a9)0*H4^/f (JP) <l2>^i|il#t^^# (A) (iDltlWHSfitBI*^ 

i^lB2002-205180 

(P2002-205180A) 

mi^ma ¥«i4^ 7 ^23 5(2002. 7. 23) 



(sDintcL' mm^ 

B 2 3 K 26/00 3 2 0 

3 10 



(21) fflS*^ #S2001 -278863( P2001 -278663) 

Cffi)tfHfiH 3pj^l3^ 9 ^130(2001.9.13) 

(31) fl|5fefS*Sg## iRfS2000-278306(P2000-278306) 

(32) fiBgB ^m.2fi^9 mSQ (2000. 9. 13) 



(54) Bsw©«*S5] ufaix*» 
(57) immi 

imi lnJXS*tl!feiOD«ffi(=5gllls-^«IBfTJ^^-<>7!i^ 
L-C«!^i&S5-1'>5fw=fior*PXS*m!|^1 ^tU^-t 

(r J: y , Jt^M-'h* ;&ii-c-3toxM^!^ i. ^fflBfT -5 c: t 
i<-C#5. U— tfitLOOBSttr^ast^-C. JOXMSfe^S 1 <D 
a® a-eii/^^UX U—y'3feL3!l<^Si:^ if ?RJ& 

^0>^e$^X.S C ^ (= J: y . ^»0!)%MIIJ££AQX^ 



F I f--73-F(##) 
B2 3K 26/00 3 2 0E 2H0 9 7 

310W 3C069 
C 4E0 6 8 
Z 4G0 1 5 

OL i± 14 H) SflH{CM< 



(71) B® A 000236436 

(72) ^K# sitt 

iS^N*^TOIfBril26S«10 1 g^tR:!^ 

az>^^ mm 

#|igmSI«&7m&l?itril26«»(D 1 
(74)'f^A 100088155 

^a± ifm (ii-2^) 




26/04 26/04 
B 2 8 D 5/00 B 2 8 D 5/00 

C 0 3 B 33/09 C 0 3 B 33/09 



(2) 



!t$ii2002-205180 



y. Bu!a»nxi>t#.!^(D^ffiT^^^-i'>(c}ft-3-CB?is5tox 

itrfBJinx^^^!|^izBsst;^tLi> u— tfjfeOHtFiaiDxs*^*^ 

i: ic J; y , MbBQSjKMI^^ BtrieAS*:&iRii3;tto-cafe>.5t 
J;-5i=^Ssatfl^filcf •5xs«<ix.«. u— tfjbBx:sao 
[ii?R^2] u— if3t(0«5t,#.$jinxs*mftfflrta5lr 
^t>-a-rlijtH»]Xx*^!fe|z u— tf3t^M*t-r -5 C t (- J; 
y. miB*nxs*^!|a©^Bf^S^'f >l:i?»o-CM8B*aX 

BuiajboxS!f^!|^(zHBit^4xS u— y=3tea)m)tE*]xM#.!fe 

Ci:(=J:y, BiriS3lMMlt^«iSASt:&lRll::jtt-3-C3fe.5*> 

^g[35<1 X 1 oa (W/cro2) ei-h-Cfe-DT/^;UX*i3!i< 1 x/ 

sJiATO^^-e, U— tf3feCO*3te*^APXS=f^!^©F>3gl5 
(z-&^5-li-rMta*PXS*^1^|r U— tfite^HBlft-^ i: 1= 
J; y . Hui2«lX5fe!tm!^<D«IBT^S^-f Xc/cJ-D-CSulBaP 
xSt^iKlKOrtSPIcajS^lS^JK^L. 
flijiE*ax^i*m!^(cBSJt \y—*fift(DmmmJ:Mm^ 

c i: 1= J: y , MEatMMia*8triaAS*:&Siic5ao-cafe-5: 
•r:KA^l=S^E<» L — +fiox:&a. 

[0001] 

* ^i-S U— y*ax35^|cM-r -5 . 
[0002] 

C«t3!5©atl|] U— tfjiEffi<D-0»=«IBTA<fey. U— if 
f=<fc-5— ^fl<I3Et«)Srl*?ft©3iyT*fcSo ^^(i^^^ft:-!? 
x/\-¥>A*^X*fi©<fc -5 3&:*PXSt^!^G)«JBT-r Sttfilf 

— y=3fe®?6il5iicJ: y^9IBf-rSttfiFf(=fcL^r^nx^^^!fe© 



[o o o 3] 

immtm^L^otf^mm^ jDx^pt^!|^<D«ffi©jg 
ii$E&ih-r-5:&;£i: LT. ^ilxiS, ^FsSe o o 0-2 i 

9 5 28-^»S-\^4t§g20 0 0-1 5 4 6 7 ^iii^lCig 

<fcyjin|»L, -lE-L-cinxx^^i^^/^JPl-Scticiiy. 
[0 0 0 4] L7^)^L, cixe>®^^a)^BT:&^-ci*, Ja 

20 ^c:tA<■e#«:^^. «fw. jiax*j^iaj!)*¥®i*:'!7x/\, 
[0 0 0 5] 4:fiD^a>getii^, jnx^!i^a)^Mi=7F£^ 

L^ L -tF*PX:^f^S^^-r-i> C i: -CfeS. 

30 [ O O O 6 ] 

-CiPxSt^i^lz l^— ifate^gglt-r -5 C i: ir J: y , iinxj^. 

^!gaa)«»f^S^ -f x^jao T*ax*t^i^flr>i*igpi=^3fe 

M^f4x-5 U— tF5te<OjPX5^^!^'N<DAI*:&l6Hcfclt-5 U 
— tfjteO)«3t^«>&a^^K.*Ci:lc*y, 

AS**isii=5eoTM,sj; a i-«i8cfl^^-r -sxs^ ffltx 

40 [ O O O 7 1 *^§Hf-^-5 u— tf Jnxi&afei- J;^xli, Jo 
XMSife©l*3SPt*3fc^*^*?-lirr U— y»3te*giS* L*^ 
•^^5fe^9al|R^:U^•5^^$f|Jffl-r-5Ct(r*y. iinxS* 

S U— »fjjpx:^^|z J;*Hf . L-C«JBt 
^^^-f >i=:je-o-clnxjj^!^A«t!l*i.Sc:t(-J:y, ita 

/d:ii^JiDXS*#L^^«IBr-r-5-tA<-e#S<©-e, JfflXS* 

50 n.ma>mm:imm=^'&^ -c &^*ifc=Fj&^3Ej:s«*t$ 



(3) 



$#112002-2051 80 



[0 0 0 93 ^fz. ^SlB^lc-s-SU— if*nx:^j£lzc);4x 
rs. Jrax5^^!Kg»^SSIt*tt^u~if3fe(0*px^s^!ia--.(0 

■cli. «iJx.(i*xj^miat7>Ji^*isi-^^^*-ipiicii:sc^ 

0«3fe,^.*JlPX^E*mife|(Drtgprr-&i^-ti:rj[lPX^Pt^J^(z u 

>r>f=:faoriJPX^5t^1^(Di^SPfc3cKMit^ff^i?£L. An 
*Pxa^4^l:i6iSt**t^U"if3te<OJfflX3^*#l-^(I> 

iCcfcy. 3tMMi^^AM:&lPl«C;^^oT3fe.bx<fc5l3^tia5^ 
^-r^xS^fiSx-^. c.b$#S![i:-r§o 

X 1 08 (W/cm2) mJi-efeoT/^^u 

X*i3&<1 //smTCDlfe<*T% U— if3feCD*3fe^.^j!jnXjt* 

»4a<Z)J^I»f::-&t>-^T*lx*rmJ|*l(:i U— »f 

C irfZcfc y . APX^^^fetOtJOKf^^^-OlcJ'n^o-CiPX 

mm^it^ u—if 3fe<D*ax*f#Lifei^<oASt:&iRifc33ft^ 

*Alt:»lSllw^c^oT3fe-S; ci: 5 f^iggfcJ^jS-r-sxfi^^i^ 

C00 1 1] c*L&<D*^«fr«-SL — ifaoxisatt. 
JiiH*^0jrrM'5 u— ifiPx:&$fe^(^:^a)M*fc y . 

SDXS*^J^(DSaic:f:i&^35:SiJ*L^ c i: /j: < 

3&>o*<D«®3&^5eik Lfei> u— if JlPX3^»<■c#3Cl^o^IPXS^ 

[oo 1 2] u— ififlx>&^lcfimTa)fil 

C0 0 1 3] ^gSfctOScM^ilEli. lJPXS*^4aicp.M$*t 
S U-if3tA<A«'r'5Jinxm!feG>A»®lzi^LrSt^ 



[0 0 14] tjit^. ^mmmt. spxst^j^cDi^asfzfc* 
l^x<?^^y<?tim±Ltzmmx&^<?'y-J<?mm,. p^u 
{zni^x^mmmLtzmmx&^^mmmmmRxfmu 
{zt^i^xmmmt<mtLfzmmx&^mmmmtm^<o 

[O O 1 5] 

^i^xmmt:mi^xmm'r^. :^mmmm{zm^i^—^ 

10 j]PX:S}£(*. ^^^®i|X^zi:y3cMM^Ic^ff^^LTl^ 
S. ^5te^^Pi^i|Jll±U— if5te(Z)3SJS*I^Sl::*#< Lfcii 

[0 0 16] *f*5ta)Pi^J|X(D/0 K^-v^:/3^EGj^y ^^^fe-^- 
•t^tnhi/>EB(D^n' (n=2. 3, 4. • - - X& 

iSoe— ^y^r?— (w/cm2) -e^^y. -^jx-ise- 

-S;/<r7— ^JS;&<1 X 1 08 (W/cm2) m_h(OS^<*-r?#*^ 
u— if3fecDi/^;ux^tcy(Dx4'-;u^— ) (U— ifpfe 

mtft.^.comm^^m. (w/cm^) T?a*So 

[oo 1 7] c:<Dct:a36:^3tdFKJtR*^»J^t-S*3ISte3i^ 
m\zm^ U— ifJlflX(7)I131frot>-Cll 1 -^6 *^t^T 

30 mm^^o m i riL-~-if jijpx4>(o^rax>E*^!|^ i cow-mm 
-efey. Iil2f*lili fz:^-riiPX*r^i|^gicDl!-ll*ilic;fi 
ofcrBr®[Hr*&y. H3f*u— ifi!px^<7>ipx«*!fei 

\ymizr^^fcmmmx&^}. i^si^iastci^^ipxs*^ 

1Sl1©V-VSIIc?£^ofc»r®0'^fey. im6tt«IBf**ifc 
JPXjJ^Jt^ 1 (D^SST^feSo 
[oo 1 8] ^i:Rl/gl2fZ:^-r<fc5l:i> JllPXmiiai 

cz>^M3lcli«}Bf^^^^>5 36<&So ^er^^^^> 

40 — ifJllPXfi. ^3fe^^ilX)b<^i:S^i*"eJlPXx^^itai CO 
I^g»(cm3fei^.P^^*3i±T U— if 3teL$ SPXS^^iBg 1 {CK 

i±So iitiiccfcy. ^3-a5fz^-tJ:5icgcaMit7 

36^«JBr^^^-< > 5 (r?BoTlJPX>S^ia 1 ©rtgUdO)*^ 
l^^**L«>o *SIJ£5^^f::-KS U— if JjPX:&S6f*. ftix 
50 1 3&< if 3teL$«ittf « C t Iz cfc y 3!lOX*iHfc4a 



(4) 



^^2002-205180 



1 t:mmtSi±XiSLm^i$i7 ^J^mt^iOX-lttai^o AQX 

Stlfeiia 1 1= iy—*f^L^mmtsitlsa:3L.iifSL^ i ©rtSic 

o T . itaocM^m 1 <oSS 3 u— tf 3feL*<i5 i: ^ if 
?Ri|R*4^'Eft^^O-e, *nx^>fa!^ 1 ©SaaA^jgM-r-S- 
Co o 2 o] Jtinxi*^!^i ©t;]BT(=^il^T. 
-C% ia6(r:S^-r<fc5l=J±;^6*I'J>-^??Ec:?3-C3!iDX35fm!K!ll ^ 

[O O z 1 ] 3tMMJ**e^i: LfcJinxS*^!^© 

J$^. Aax5^m!^|cA:i&fitI5S:*A<ffl3iD*:h,-5ZtlcJ; 
y. 3StKMJIE^S^i:LT*nx*t^^A<»JtL. iaJCMtL 
!aA««JSrSH-5JS^-CfeS. c^itt. «9;S.ttilPX*fm!B!l 

ix^tti, mxii. iax**^!^a>^lf^^^-r>lw^o 
•raax^^*«slcffi^m*^f>■l±^BT^s***Dx.fcy. anx 20 

y-r-5c:i:-efeS„ <&®-oi±, 5feM^M^l^Ji£t--5e: 
i:l:iJ:y, 3fSMJI£*eiStL-CJIinxS*m^<©lBiH:&lR| 

<OJ¥^A</h $ LMi^, 1 o-e wtg-c- fe y . 

JiIax^^aifSla)»^«^A<:**t^^^. ^*:)&isai3asfe<©3tss 

[0022] Sr, *SIJg3^g|(=33U-C^3fe^5ftJ|Rr=J: 
yjK^S^x-S&MMatL-C. ^05 (1) ~ (3) A<fc 

too 2 3] (1) ^Mmm<—DJLltm§SL<D<?'yv<? 
^■^ti<? 40 
U— tf3fe*aoxJ^*«!l (Cix.li:tf5X-¥>LiTa03*^63B:.5 

X 1 oa (W/omZ) 6l±-e*^-Dy<;i,x*iA<1 

^3fe^»J!R*iafe i: s-arooiaxsjlfci^^srz^Sh&^fjt 

— S?^-§-^-ri=. liOX5!*m!^a)rtSBf=©^^7^-/-J;^JgE 
^J^«-C#S^fe#-Cfe-5. Cixlz^fcy, j!iPX3^^^(Of»3 

c©3te^fi«ja«izj;yjinxs*m!^©rtgprz»i>.-ri^ 

:i*i.icj:yinxs*gii^®rtSPici7^^i»« so 



X 1 o« (W/cm2) T^fcSo y<;u;^*il±«!7i.fi1ns~2 
^(1 998^. 1 2^) (0^2 3H~I|2 aM<© r@ 

[0 0 2 4] *^Bj#ii. 

(A) jbBXS-rtlil : yW b-y^/X^'^X (JlS7 0 0/i 
m) 

(B) U— if 

jtiH : ¥^<*U-ifSl^Nd:YAGU— if 

: 1 O 6 4 nm 
U— if^XTK-:/ h-eftSSt : 3. 1 4 X 1 o-8cai2 

MyjgLjliSE^ : 1 OOkHz 

y<;UXiIiI : 3 Ons 

ffi* : m*< ImJ/y^^UX 

U— if3t«°nH : TEMoo 

(C) ^StfflU^X 

U— if3t;S:Slc3y-r-Sflj®* : 6 0/n°— b> h 

(D) «axM^!^}!>^ms^:K<SttS'&a)^iii^jt : 1 O 
Oi«n/|j> 

)6:fe\ U-if3teSSI*<TEMoo «3fett*<^< U— if 

[0 0 2 53 ia7tt-hi23ia<D^m**-r^'*^:?iefe 
i.o Sltttte-^7/<'7— Sffi-efey. u-if3tA</^;ux 
u— if jfe*® t°— i7 / ^r?— ^ffi-^a $ ^ 
■So iSattt* 1 /<;ux(Z>b-if3fc(zj; yiinxjE=f#.#i©rtgp 

Jti:<f-5o ^7^-:;^X7K-:' h®:^#$tt, ■!>^-yi'X7K 

■So ^f^:7«1i<Dll3tL-e5^-^T*— (C) 

ooffi. rsSPSa (NA) A<o. 8oa)^^T?fe 
•5. — •i'*^r»*©aA,T?5^-r7'— S!ii^3tfflu>x 

(C) (Di&*A<5 0fg, BSPSgt (NA) A<0. 5 5®^^ 
J!iDXS*m!|^©rtSafc^^^'i/<;X7K':/ hA<^±L, e— ^ 

[0 0 2 6] ^l=, *lllfe3K«U=«-SU— ifJPX^=fct^ 
■C. •i>^'>^?^Jt3BJ$fcJ;.5*nxj^^i^<O^BTO^*.::^ 
XAICOt^•r 0 8 ~@ 1 1 ^fflU-Cgfcga-T'S. 081=3^ 
•r J; 3 #3fe^?6iR35«^ i: •&l!H*7?3iOXS*a4|ii 1 



(5) 



iSii2002-205180 



=^-j^ tm:sMnM 1 a>S® 3 tmm z ^ fcii]^ L. m 

[ O O 2 7 ] ( 2 ) 3^MMi^:6^*j§M5ftSfIl|^^Dii^ 
5i^75<1 X 1 o8 (W/cni2) mJiT*ANO/^;i.Xit'S3bn Ais 

tcfIJatt^5c:^^,■e#^o o^y^ ftij^tf. j*l«SS:^ 
rB«3ti3^^bL/r:MJt. m-mwumm.ix^k.tmmmm.'SLJs 

«tL-cr*. X 1 012 (w/cm2) r*fe-5o 

[00 2 8] *^0J#f*. i>'J=i>^x/\(Z)f>ga5-e>git 30 

[00 2 9] (A) iraxjEtr^a : S/iJ nV't^x/x (Jl* 
3 5 0//in. ^S4-0^) 
(B) U— if 

^iL3: : 1 O 6 4nm 

U— 1f3teX7K*> hllf®^ : 3, 1 4 x 1 0-^cm2 

J^yMLJli^Sl : 1 O OkHz 40 
y^;i/Xipi : 3 Ons 

U— if^fc^pS : TEMoo 

(C) 

NA : O. 5 5 

(D) mjLiin.mmm.^ii^mM'^co^mmm. i o 

OmX^ 50 



[ o o 3 o ] H 1 2 iiJiifilfe#-c*<7) u— if InixiCcfc y « 
Htl 3;^}<}^^^$^^rL^-5o 3Sfc\ ±tSlfeW::cfcyj^^* 
[ o o 3 1 ] 1 3 ;J)<^^TB&ilx(Zcfc y 

U:3>Si|fia)Jl^tA^5 O/im. lOO/itn. 2 00/im, 
5 O O /im, 10 0 O //m<D^/?lzot\r JilHIiOI^^L 

/Co 

[O O 3 2] mTLii. Nd:YAGU— 1fCD;«:^t?&-S 1 O 6 

Jf-a-. i/ u =1 >affi[a>i^«&-ei* u— If 8 o %)ijL±.s 

5g-r-SCi:;b<»Ax-So 01 2 Jz^-Ti^U >«^;xy\ 1 1 
(DJl$(i3 5 O^mt^fc^CDtr. ^ffcT^PitilXlz«J:^=Si4 

J5*2oo/ima)eyy3>'j7x/\s##izf -St. 90 

%l^J:3tj:a)T*. t'— tf3fc:6<vy riV^x/M 1 OP^^^Jt! 

qRilx*ti^<;)i*fli3&^-efcy. \^tAjEt^m.&t^. z:<d 
(o*y u— ifjfei^cfc'SMm^Dlra^-ej^lli^siSfiJ^A^}^ 

meem izooo^A^) <Dm7 2M-m7 SHO) 
r hf n »v^;ux u— if ir J: ^ v y zi >(r>*PXi|tttSflij 

[0 0 3 3] 3S:fe\ vU=a>':7x/\fi. StltiBiSMJ^* 

*i y =3 > X / \ (D t SHIziiJSt- -5 C t fc J: 
y. *S^Mfc^K*:K^o i^yiaV-t^x/NCO^Mt^® 

x*t*«3f::* A<EPJfl $ 4xS c t J; y ^S-r t 
*o ^^«lSMl|E*Ne>i/yzi>'!7x/\iOajl!i:^ 

mji>^i»,^<r>p^mzmmmmmm^mm't^m^. mm 

C O O 3 4 ] ( 3 ) 3tH««*<S»T*3£fc««0S^ 



(6) 



i^li2002-205180 



$^t)iirT. mat^JcfeltSSS^Sj&^l X 1 08 (W/c 
Kfilt LTIi. fl?yx.ttl X 1 012 (W/cm2) -efc^o 

m4 2i5iu— tf^;[]nx^^^IiS:« (1997 
^. 11^) a>mi o5M'-Si 1 1H0 r^^jiAhS? 

CO 03 5] jaJb(©cfc5r::*IIJfe}I^^lz<*::Kf^. 
Bli*PX$tf^ife](zHs*r^;K^ +P^<;)*ox>y^!l^>\(D 

Coo 3 6] 4tifc(©3ta:^itfl^i$fzoL\r^^':/^MlS 

[003 7] Xo^^*y^MilS9t^J3fc:;&;lllcoi>X®* 

fcsi^f So ^r. /<^uxu— tf3tLa)*5fe^*j[iax*f 
5 fcJ9oTM3fe^.^^ib$-t±3ti:35<t>*PXS*^i^ 1 fc/^;u 
(9A) ;5<^^^S^^>5{z?9o-CjtaxS*^#ll COP^ 

fCcfcy. ^^:y^?^iS9 (9B) A<«JBf^S^-f >5(c 

C0038] -^-LT. HI S{z:yri-t<k5lz, <7=y^y<7m 
JgE9A, 9B;6>t>^^^>^9 1 3{)<e^fC^S-t-So PL< 

iRi. -J^^^y^/MagA (9B) *^P>^^^^^««9B (9 
A) :^lpj. <?'py<?mi$iQBt^h>^m3:^l^{z^H^itm 

[00 3 9] i>jL±(o^5iz:i^mmmmiz^^itm&,(D<; 

mm 9 ^m^-t^ ii ^ ir <fc y iaxs*^!^ 1 ^«jBf 



^mji^^^ 1 (7>« a3&<^ ^ <7 mm 9 mim.a> o=^y 

C0 0 4 0] 35:fc. xo<D^^*:/>>Ml^9f£ftT?l*«gf 

^:'^lli|li9B<!:a>rBllc^7^':;>7M1^9C^ff^j$-r^o ^ 
10 if3t®ASt*lSl/cCibff!il1 7fz^-rcJ:-5fcljpx 

C004 1] *siJij^Mi=fciNr. mWL(o<?^^yomm 

9 (i. /'^^UX L/—- tf*LA<Alt^^J[)aX>t^^!t^ODAat® 

lif^Lt^o fl'lJx.tfBll 4lzfcU^rs 56(3-27 9 
ASJ^^L. ^a^mz^^^:/{;WM9B^mm-t^o Alt 

®fr5* LT3£t^::^*^ i^nifz^ ^ y<pmm 9 ^jf^j^-t ^ 

mi:iJF^JiE$*LS-:7^»:/^Mi|69ff^^B*(zeB|^$;|X'2> 
20 /^;UX U— if 3tL*<5fel::J^J$$*ttc^ ^ ^'^.i* 9 (z J; 

1^9S^i^-r^1 va^:/ h<D/'?;uxu~'tP3feLtrff^)S^ 

^fi^±c^o ^-dx. mzii^^-^H^^^vomm^^ 

30 <?mm9a>^mm\'t±mzWi'&-^h^-r. m3inm.^a> 
Al^®lcs>fL-ci£L^:&A^€>jll^c}^^L-c^, cfct^L. 

^>^Alz}^^LT^,<fcL^o ^>^AIzBjStf±. Cax. 
i^mi eizfeu-c. i^'T^P'^v^mWLQC^^Mf&i.^ 

iz{7^^:/^mm9B^i^mL. u—^%<Dxm:^f^^m. 

coo 4 3] ^^(D^mmmMmz'Di\x^ 
<7 mmom-^-^mm LtztK ^mmmmm-pm^m^ 
itmmx%mm<ozitf}m^^. /^;uxu— if^fe 

40 ;itt<m^^o 

C o o 4 4 1 *jz. *IIJfe3^^fcfis« u— if linx:;&sfef z 

<S&S**Li)U—- tf*PX^Ma>— ^JfZOlXT^B^f -So II 
1 8ttZ(DU— tfiOX^Ml OOO«£S&1i^0T*feSo 
U— if IJPXSM 1 O O (i. U~-if3tL^ ^^-r S if 

3fe3Sl O 1 u— if3teLa)Ui*^/^;uxi|m*pfiS-r 

SfcA^fzU— if3fe3i1 O 1 *$fjai!t-'5U--if3feag©mi[P 
102t. U— if3feL<Z)JSl^«tB£:&L/l^0U-if^L<D 

1 03t. ^<^-<^P-<'v^5^— 1 03t?S 
50 St**vfc U— if 3feL^»3t-rS^3tffl U>X 1 O 5 t . 
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U>X 1 O 5 -e*3fe**i,fc 3feLA?BgSt 
^Jtax^y^!^ 1 *««S$4x-&«S^ 1 o 7 t . ttSS 1 
o 7 ^Xtt:SiS3i-^IIi*-a--5fc4!)a)X^;^.5"— V i o g 

^M^i o 7 ^Xtt*in!ictt3ct-SYtt^iPiir^i!i* 
-a-sfctoroYiax^— i? 1 1 1 ^, tte#i 0 7*x$6a. 
unfis:^ (SI [r nsf * ztt:^ IS] iz^lS $ -fr i, fc to cDZiix 

■=r— i? 1 1 3 i:, C*t& 10 9.111, 

1 1 3(D^is^ffl«-r-5:^^-i?fflsiiai!i 15^. 

to O 4 5] L/—- tP^tH 1 O 1 U~-tP3fe$^^ 10 

^A<-l?#-SU--1fi:Lr. C<;)ffi. Nd:YV04U-— tf-¥>Nd: 

d:YV04U— if. NdrYLFU— if^^L^^CD3^)<$f3lr*fc-&o 

[0 0 4 6] «3t^.Pcox(Y)$*:&iRi<D^ijii*. ijnx*fm 

®I1 *X(Y)ttX-r— i^l 09 (1 1 1) lcJ:tjX(Y)|*:& 

^cfcL^-c^s^(7)#^(D^iMJ:yAl^® cuss) izai^ 

fllPLfriy^-Sclct^b^T'^^o *3b\ «3fe^U>Xl O 30 

[0 0 4 7] c:cT% Zfftxi^— vlciz^iDxM^JBgc© 
J5i^:&I«llcfelt-sa3t^.P^D^iM(Z)Iia^^c-^t^rlg1 9 
atfia2o*ffio-ciftBj3-r So *iiJEJ^s-e(*jpxjs* 
ia(7>Ji:^:&[^i::fc(+su— if5fea)»3te^.<^>{ig*. ipx 

(DBTM(Dfi:SfciSfifL-Cl^-&o ^1 9 f± U— if 3teLa)^ 
3feap;5<Jln3X*r^4^ 1 0*M3 (C^iML-Cl^S^K^*:0^ 40 
L-CL>Sc Ill2 0lc:g^'ri:dl::. ZffiAi^—y^Sifcffi 

4xSftlXj*SL!fel<7)rt»(Z^a-r-So *3t^P(DllflXS* 
*itai C0I^SPl:=fcftS^lfiai*N2-efcS (N(*U--if5tL 
|zJ**r-5iiDX^ymifell(DSST*-efcS) o J;or. U— 
if3feLfz**t-«»JPX*fm!a 1 <Da»f^i&#Jt LTZttXir 
— v?$^i!i*-^S-<hfCcfcy. iJOXS*ftJ!^ 1 (DJl^^Flnl 

«3fe^.Pa)Joxs^^ifeicoJ¥^^fRil:ifcitSBfMa> 
«fcfi*a® 3 3&^ e.ftixaft«g 1 a>rtgp*-e<DlBJ!t (Nz) so 



t^^o c<DS6si (Nz) ^±mm^m m -e^-rsc 
^irj:y#bHfr^i{ia (z) m-f. ipx^t^i^ 1 *J¥ 

[0 0 4 8] u~-ifipx^ai oo(i^?biz. 

0 7 (z«a*iLtcADx$*^ti 1 ^ Rifflpfei^ic J; y mm-t 

<b. ^«i^«»o e-AX::?'y 1 1 Qtm^miyZyX 

Tl^-5o e— Ax::/y*v^i i i 9ii. prS3fe*icD*?i^5i^ 
^ J^M L5i y S^tfe^^ L;?)>o «f^a^$s 

<;5^isa)fR}^^9 o' ^^^c^;a^3i^M*4^Tt^So m 
1 7/»Nt,^^L^ipr*a3fe^r*e— AA;?y 

t^^^<?u>(v'?^'y-'^ 0 3;RD:ft3fefflu>Xi os 
^jli^L. Jrax^f^i^itDtjoigf^s^-f vs^^-^irg 

[0 0 4 9] u— ifJinx^Mi oo{i* ^,fz. e—Ax 
1 1 9. ^*-f-^P-<*:;^5^— 1 0 3:RZ/»3t 
ffi U>X 1 O 5 t P i:3fcW±l::SlS^*tfcJi«m^ 1 2 

1 :&mS^U>Xl 2 3^fi^^o JS^^^I 2 1 ^ L 
Tfi«x.(iCCD (charge-coupled device) > ^35<feSo 

«ief^^^-r > 5 ^^#t?^® 3 $gB0j Lfc nr^afc^o 

10 3, e— Ax::^y 1 1 9^ili^L. *§^U>X 
1 2 3T*^S^t*^^-Cm^T1 2 1 Tfm<t^?:h>. mmrf 

[0050] u— ifiox^si oo(**t)fc. 

^ ffiSSP 1 2 5 1 . u— if Jinxes 1 o o ^W^wm- 
^±,^Vm^^ 2 7^. ^n-S^ 12 9^. ^fii^So S 

*3S1 1 7T?«^LfcW?a3feG)S^.j6«affl3JifC'&3bii: 

*jffli*rsc:i:iwj:y. RrS5fea)mj^.35<^®3ic'&ai:a 

(C-rSo *o-C. S«ir— ^'ffl3iai 2 5f±:i— h:?^ 
-~:^X3.- Lr^tg-^--So pFffi3fe<0«^,3&^a®3 
fCiim-r-SZSSXT—- i?1 1 3 0fe&^fcL^-r. U— if 

^L<x>^3t *pt,«a 3 rzfeg-r -5 cfc a c: u— if sax^m 
f*. a^ii7'-$$SrcL-ca®3a>JS:fciii^^<7)®<t^ 

^>^»-rSo C<Z>®^-T~5« (i±i*«*Jpa5 1 2 7 IZ 

3I€»*L. ^fttt(Biffl-e#affiSA<35:^?it. ^-5^ 1 2 9 

[o o 5 1 ] 1 2 7 ictt, x5"— i>©j^as 1 
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1 1 5^«i«-r«ci:(~j:y. u— tflinx«gi 00^ 

(*. 01 9&r/^El2 0-C-gi?SLfc^i!lS (z) 057^— 5f 

[o o 5 2] 25;(r, n 1 8&t/gi2 1 ^mi^x. :^mm 

to 0 5 3] SOXSitmil^l a>3te?ai|5l!t#tt^ll5^L 

t^26ficD^— tfifeL^fiit^^u— tfitaii o 1 
■r-s (SI o 1) o i^ic, tox*^m!iai «>ji*$sii^-r 

Jl$a>39^^%&i;jl)PX$^^i^1 (OS«T^$«|cL 

-c, 3taxj=t*!|^i(DZ$6:&iS]ro^l!ia (z) ^Si^-r^ 

(S10 3) , C^vli. U— if3tL®*^jSPA<JtaX**^ 
!|^ 1 <ortapl-^S*^±■5fc^6l=. imniM^^ 1 ®«® a 20 

<7>tiMi±lnx**Si#ii CDJI^F. *tg^*^jlL-c3feS-r 
-S, *Sltfefl^^r'(*JjaXx*^#l 1 <Drtgp®sa5#5fi(::* 

#iaic^3te^p*^s*i±sfc«)a>8i2^i!iS<©^-4« 

^«l±m2^i!l»®T*— ^*fflL\TJKJ**+t-5. 30 
[0 0 5 4] *aXjE*^!|^ 1 ^ U— tf JteX^M 1 O 0<75K 

M^i o7ic«s-r-i.. ^L-c. s^raafeisi i 7 3&^e, 
wa3fe*fi^$-et:Jnx»*iai «Ri?B-rs (SIC 
5) . SgBJ^tLfc^BfT^^^-f >5^^4;Jrax*t^iai 
3 ^m.mM=i- 1 2 1 (ci; y S^t--i><. CCDS^t" 

— l=«-3^^•r a^T^-i" jaiiaj i 2 5 i*m^ffl3tfi 1 

1 7©pr^S3t(D«.#.3!)<«®3lzfiS-r'5J;5ft«IM[ir- 

^^tmm-'t^ (SI 0 7) . 40 

[GO 5 5] CCDjgj^T*— 4ttt;?.-r— i?lMt9ail 1 Sl~ 

m.^iX^o ;^T^-v5$lJWl 1 51*. ^KDM^^-'^^ 

mzLxm^^—v ■{ 1 3^ztt:&iRi®^ifis-ii-.s (s 
1 o 9 ) . :iHiz<k y . a^fflgfeai 1 1 7 <o nrffisfe®* 
^3&«liffi3iciagf «. zttx^— *:?i 1 3 0)::®^^ 

siitic&s, ft&T^-i'^iaspi 2 5tt«i£7^ 
— 4« i=»-3txT:. «iBf^ -f > 5 ^-^ifelinxMa^ 1 
fl!>«B3©tt:*@i^x— 5i^;1IS:-r-5= c:a)i£:*;M^7' 
it±»mmu 1 2 7 lt^-5« 1 2 9 i-sie. so 



Hx^ C;h.l::<ty^-5' 1 2 9 lc«I»r=i^£=7-<> 5#3£<0 
[o o 5 6] ^«:$ij«iap 1 2 7 irtt^toX^ry :^s 1 o 

3T-^^*:KfcB 1 ^n&oi'f-^A^xtsisHxts y . 
•5, xt^— i?»jffligp 1 1 sitz.<Dmm^(o^—^i=.^-^ 

L>r. U— if3tLro*^isp;(,<j,px-fef^!|^l ®Mgi5i:/d:i, 
esi-. z$tx-T-vi 1 3(r<fcyipx>i4^!^i ^ztt:;^ 

lajl-SiS^^-tt-a (SI 1 1) „ C(DF«9§t!<D<ia(±jDXM 

[O O 5 7] ?>J(r. U— tfJt/H 1 O 1 7!(^t. U— ffjtL^ 
ll±*-t±-C. U— if jtL^JbOXS*^!^ 1 (oa® 3 (O^af 
^^^-f >5lZ^|*-r-5. U— tf3tL<D^3fe^PliJnxM 

m!iai<DrtSBi-<aML-cu\^<75-e. jgiisaaiiSciiiQx 

-T^SIZtQ"? J:3l:iX$iX7^— i>1 O 9-^Y^;^x— i> 1 
1 l^^iiSlir. jtiilfli3g«igE$^BTi^S^-<>5l= 
J;3(::iinx^fef^!^1 CDF^epizff^jjfef €) (Si 1 

3) . mmmmmm±iB:riii^!^i(Dpi'^a>o-^. mm 

[0 0 5 8] Xt':/:?S1 1 li:(14ilzLm2 

>i*m!iai a>rtgp<Daa3#)fii:3Eci)femi-. z$(i:;?.-r— 
i?i 1 3izj;yjjDX*fife!t&i *ztt:;&iRiiz^iii*-t±-s (S 
1 1 5) o -eLr. xi^'v^fsi 1 3 tmm^LximJi 

nn.'m i ©rtgBicititiaiaffljgE^fl^fie-r'S (s 1 1 

7) „ c©:;^T^::^-^i±-;Silt«kS^«A<ftixs*^!feiiffl 

[0 0 5 9] a^fC. iDXM^i^l $«JBl^S^-f >5 

(SI 1 9) , c:ii(=<fcy. *px3^^ifei s*>ya>^ 

[O O 6 O] *^M}eM<oaSSiaB^-r.5o ^HJSJ^M 
(= J;ti.«03fe^i!ftJ|S$ec *-lt-5^«:-C]!ivoJnxJ^tl!|a 
1 <DF«3SiJI-^^^.P^-&^o-ttT. /<;UXU— tf3feL^«IBf 

^s^-osi^fiitLTos. -eLT. xax^— i?1 

0 9-¥>YttXir-5?1 1 1 J: y. m 

JPXM*^1<I!)F»3fiB(=f^^LTL>S. JnxM^#l<D«I»f 

■r«eHlf(-<5rP,Ax©g^3!i<fe-5i:. 3!raxMm#I$ifc^W 

L-r^Bf^^^-f i/5ICj&o-rJB!X*t^!fe 

1 ««ii«c:ti=j:y. ib^M/jx^ftij-cioxsj^iia 1 s 
«Br-r-5::tA«-e^-S.. =:itfrj:y. Jbnx*f^^i<©s 
® 3 l::«IBfTJ^^ -< > 5 Ax &ii.*tfc^je^S&«*t$^± 
*-&«;ii:3B:<ft!XS*m«Sl $«IWTr-5CtA<-C#«. 

[006 1] *llt6}^«l=J::h,«, ttlXSJ^i^l 

lc#3fc^-KJlR^SC$1±*|fefi:-eAxoj!nxMlfeia 1 ©F«3 
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XS*^4?31 *3g3®L. JtjQXS^mtii a)*®3TMi/<;ux 

^*itz^&mtsm*i'pmmti<± i: c ^ < . 

5^::^M^3m^7^/<-<XA^^5^^^*;h-rL^^^JDX^^#)^:: 
XS*^i^£tjg®T^^Zi:lcJ:y#«^?:»x-5>Mn°p («i]x.ff 

[0 0 6 31 *IIJ£ff^^(^J::*ttt\ AflX^^^l^ 1 

OS®3^D«II^^S^^>5f*^ll^L^i:t^(D-e. 

Co o 6 4] ^tr. Joxj^^iBg 1 

[00 6 5] *IIIi£J^II(Ccl::Jxl^3tMfiilE*Att 

Sripifz,^-3T3fe.SxJ;5fcltigc}^/S;-r€>ci:iZcfcy. *flx 

j&ofcag^l^3!i^-*f£(tTM*JjQXS*^!fel 1 (7)«lBf*<B 40 
rz1t$fc(7)3tMMi^^}^J2E-r^Ci:fz<i:y. iPXSJ^iia 1 
[0 0 6 6] 

*flBBfz^^U-ifllflX^5fazJ:*t«. 
So J:oT. llPX*f^1^*«IW^^Ci:rci:yf^®^4x 



[0 0 6 7] *tc. *fgBgfc-K^u-"if*x::&^fZci:ix 
«SitCD3tMmatS3^Jllc^SC^|zj:yiiPXj5rmJfei^ 

*PX^^^4^<7>»^mg£M*#l^^^^lzfel^-C^,. iP 

x$^^4^0t:n»f*<Rrtl^ *i:^o 

m 1 ] **J6?^^fc^^ u-if Apx:&aiz cfcoT u- 
-tf ^jpx t^i (D Apx 0) ¥® H -e fc o 
[g| 2 ] H1 1 ici^-TiPXS* ^!^G> 1 1 ~ 1 1 ;'(^ o 

[!^3l *^ffiff$^{c-K-SU--1f*PX:&i$|c<fc^u— if 
ijpx^(Diinx**^fe(7)^®^T'fe'g)o 

[Iil4l {^3lC^^iPX^m!^OlV-IV*«|Z}i,^ofctf® 

[^51 msizijpi-tiinjiysinLmayy-mi^y^^fzmmm 

me^i :*:*jS6ff^®fc^-SU-+f*PX*aizJ:oTtjJiT 
^ Htr iJPX^PfmtlcD^® H fe ^ o 

[117] *^J£l^^(r^^u— tfipx:&>i(ci5it-sm^ 
5*M<*: ^ ^ *v ^ 0):^^ ;^ ^ <7)FJ^.^^-r ::7 7?fe-g>o 

[n 8 ] :^mmmm{zmh u—tf jipx:&5£<os i xmic 

ft APx^^!^cDiT®li-e fe >s o 
[Iil9l *^M^^l::-(l^U-ifliPx:&;^(©m2X|i(:: 

ct s *px*rmifei<D©f ® 1^ -e fe s c 

( 3 It -g) ijpx>c^ (7) j® m -e fc o 
[mil] ifiiipx:s.^com4xfi 

(r ft ^.HPXSjmi^tD^® ^"Te fc „ 
[mi 2] *SI»^ffii3^-SU-~tfJ[!nx:;&a{z:j:ytji^ 

S:Ktri/ y n >^xy\(D-SPfzfc(t'S^®<Z>^E*S L 

tcm-efc^, 

[mi 3] :$^llifeJ^^fr:-S-SU— ifiPXi&.^rcfelt'Sb 

cmi 4] *iij£}i^®fz:€63>u— tFftxsa^ffiLxrai 

X^^J^cDl?3g»{::-j7^*:/<7®«A<Ji^^*^xfcJinx5^»!Kl 
[015] mi 4fc5^-r^;^-;^7^Ja;&>G»St;fc^^-:; 

[mi 6] tf»px:5a$iBL>-c*p 

[mi 7] **J£«^Sf::-^*u— ^Jipx:&a^^i>rlip 
xS*mJ^cDrtaJlc-j7 ^ *><7MJIE3!)^}[^jS*ttfcJiPX-fet^4a 

[mi 8] :*:^J£}^Sir3'^^u~ifJrax:&.^fzfi5ffi'^# 

* U--ifSPX^gG)-«ija)ffiB§:^i3Em'efe^o 

[mi9] ifpfeco^3fe.#.36<iPXS^^i!a<Z)a®l(ciig 
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[0 2 11 *ili£3^®f3«su-+rirax:&^^ittfl^-r^ 



1 • • - llDXS^^Jt^. 

^>r>. 7 • - - 

1 1 - • • 

mmmm. i o o • • 

if 10 5- 

XttX-x— V. 1 1 1 

zttxi^— p. - . 



tMit. 9. 9A, 9B, 90 • • 
i/iJziV'l^i/N, 1 3 • • 

• u— *tf*nx^a> 1 o 1 

• • *3t^u>X. 1 o 9 

- - - YttxT^--:;. 1 1 3 
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